B lymphocyte hyperactivity is a main characteristic of systemic lupus erythematosus (SLE), and B lymphocytes play a prominent pathogenic role in the development and progression of SLE. The aim of this study was to investigate the role of Sirtuin 1 (Sirt1) in B lymphocytes.
Background
Systemic lupus erythematosus (SLE), also known as lupus, is an autoimmune disease in which the body's immune system mistakenly attacks healthy tissue in various organs, such as brain, blood, and kidney [1] [2] [3] . The exact cause of SLE is still unclear, while hormonal abnormalities, living environment, and genetics identified as main risk factors [4] . Although glucocorticoids, antimalarial drugs, and immunosuppressive agents can control its activity, the complications of SLE and the severe side effects of these drugs include secondary infection [5, 6] . Thus, a better understanding of the molecular mechanisms of SLE will be helpful for finding novel therapeutic strategy.
Sirtuin 1 (Sirt1) is an NAD-dependent deacetylase that plays an important role in regulating a variety of cellular processes, such as energy metabolism, cell-cycle progression, apoptosis, aging, and migration [7] [8] [9] . Additionally, Sirt1 is becoming an important target for new therapies in the treatment of several diseases, including inflammation and autoimmune diseases [10, 11] . Hu et al. observed Sirt1 overexpression was implicated in the pathogenesis of SLE, and knockdown of Sirt1 mitigated the damage of SLE in vivo [12] . Consiglio et al. found that Sirt1 could modify the morbidity of SLE in a Southern Brazilian population [7] . However, the mechanism of its effect on the occurrence and development of SLE remains elusive.
B lymphocyte hyperactivity is a main characteristic of SLE [13] , and B lymphocytes play a prominent pathogenic role in the development and progression of SLE [14] . Thus, mouse B lymphocyte BaF3 was used in the present study to investigate the role of Sirt1 in SLE, and to explore its possible underling mechanisms. To be more specific, BaF3 cells were transfected with Sirt1 vector or shRNA against Sirt1 to establish Sirt1 overexpressed or suppressed cells. After transfection, the effects of Sirt1 expression on cell viability and apoptosis were detected. Moreover, the mRNA level expressions of three pro-inflammatory cytokines shown to be closely related to the pathophysiology of SLE, as well as the apoptosis-related factor p53, were measured. Furthermore, the protein expressions of nuclear factor-kappa B (NF-kB) pathway proteins were determined. This study might provide evidence that Sirt1 plays a critical role in the development of SLE, and the NF-kB pathway might be relevant to the aggravation of SLE severity.
Material and Methods

Cell culture and transfection
Mouse B lymphocyte BaF3 was obtained from the American Type Culture Collection (ATCC; Manassas, VA, USA). Cells were cultured in RPMI-1640 (Gibco, Grand Island, NY, USA) medium supplemented with 10% fetal bovine serum (FBS; Gibco, USA) and 2 ng/mL murine IL-3 (R&D Systems, Inc., Minneapolis, MN, USA) at 37°C in a humidified atmosphere of 5% CO 2 .
A Sirt1 expression vector pc-Sirt1 was constructed by subcloning the full-length wild-type Sirt1 coding sequence into pcD-NA3.1 (Sangon Biotech, Shanghai, China). The empty construct pcDNA3.1 plasma was transfected into cells as a control group. Moreover, Sirt1-shRNA vector was constructed by GenePharma (Shanghai, China). Scrambled shRNA (GenePharma, Shanghai, China) acted as the blank control. Cell transfections were conducted with Lipofectamine 2000 reagent (Invitrogen) following the manufacturer's protocol. G418 (Gibco, Paisley, UK) was used for selection of stable Sirt1 transfectants.
Cell viability assay
Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay [15] . Briefly, after 48 hours of transfection, cells were seeded in 96-well plates at a density of 2×10 3 cells/well and cultured for 1-4 days. Then 20 μL MTT (Sigma, St. Louis, MO, USA) was added to each well and incubated for another 4 hours at 37°C. Afterwards, 150 μL dimethylsulfoxide (DMSO) was added and the plates were shaken for 10 minutes. The absorbance at 450 nm was measured by a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA).
Apoptosis assay
Cell apoptosis was measured using Annexin V-FITC/PI apoptosis detection kit (Beijing Biosea Biotechnology, Beijing, China), according to the manufacturer's recommendations. Transfected cells were collected and resuspended in 200 μL of binding buffer containing 10 μL Annexin-V-FITC, and incubated at room temperature for 30 minute. Subsequently, 300 μL phosphate buffer saline (PBS) and 5 μL PI was added, and apoptotic cells were discriminated by flow cytometer (Beckman Coulter, USA) immediately [16] .
Real-time reverse transcription polymerase chain reaction (RT-PCR)
Transfected cells were collected and lysed in TRIzol reagent (Invitrogen) for total RNA isolation. DNA contamination was removed using DNaseI (Promega). Transcriptor First Strand cDNA Synthesis Kit (Roche, USA) was used for reverse transcription into cDNAs. RT-PCR was carried out using FastSTART Universal SYBR Green Master (ROX) (Roche, USA) and ABI Prism 7000 Sequence Detection system (Applied Biosystems, Foster City, CA, USA) [17] . Data were analyzed using 2 -DDCt method and were normalized to GAPDH expression. All primers were synthesized by GenePharma (Shanghai, China).
Western blot
Protein expression changes in transfected cells were determined by Western blot analysis. In brief, cells were lysed in RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China), and the protein concentration was quantified using BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA). The same amount of proteins were resolved by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene fluoride (PVDF) membranes. After blocking with 5% skim milk for one hour, the blots were incubated overnight with primary antibodies: Sirt1, p-inhibitory subunit of NF-kB (IkBa), t-IkBa, p-p65, t-p65, B-Cell CLL/Lymphoma 3 (Bcl-3), GAPDH (1: 1000; Santa Cruz, CA). The blots were then incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies for one hour. Finally, protein bands were visualized by the Super Signal West Femto Maximum sensitivity substrate kit (Thermo Scientific, Logan, UT, USA), and quantified using Image Pro Plus version 6 software [18] .
Statistical analysis
Data were expressed as means ± standard derivations (SD) from three independent experiments. Statistical differences between the mean values of two groups were performed using GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA, USA), and were analyzed by student t-test. A value of p<0.05 was considered to indicate a statistically significant result.
Results
Effects of transfection on Sirt1 expression
BaF3 cells were transfected with empty pcDNA3.1, pc-Sirt1, scrambled shRNA, or shRNA against Sirt1 respectively, and then the transfection efficiency was tested by RT-PCR and Western blot analysis ( Figure 1A, 1B) . As expected, mRNA and protein levels of Sirt1 were both significantly overexpressed by pcSirt when compared to its control group (p<0.05). By contrast, the expression levels of Sirt1 were significantly suppressed by Sirt1-shRNA when compared to its scramble group (p<0.01). Therefore, the transfected cells were used for the forthcoming analyses.
Overexpression of Sirt1 increased cell viability while suppressed apoptosis
In order to investigate the biological effects of Sirt1 on BaF3 cells, the expression of Sirt1 was dysregulated by Sirt1 vector or Sirt1-shRNA transfection, and then cell viability and apoptosis were detected by MTT (Figure 2A ) analysis and flow cytometry ( Figure 2B ). Results showed that Sirt1 overexpression significantly promoted cell viability after the transfected cells were cultured for 2-4 days (p<0.05 or p<0.01), while Sirt1 suppression significantly suppressed cell viability at the same time points (p<0.05, p<0.01 or p<0.001). In addition, Sirt1 overexpression significantly decreased apoptotic cells rate (p<0.05), while Sirt1 suppression significantly induced apoptosis (p<0.01). These data revealed that Sirt1 might be a vital regulator in BaF3 cells proliferation and apoptosis.
Overexpression of Sirt1 upregulated the expression of pro-inflammatory cytokines while downregulated the expression of p53
To explore the effects of Sirt1 on pro-inflammatory cytokine production in BaF3 cells, the mRNA level expressions of pro-inflammatory cytokines were determined by RT-PCR ( Figure 3A) . Results showed that the expression level of Interleukin 1 (IL-1), IL-6, and tumor necrosis factor-a (TNF-a) were significantly upregulated by Sirt1 overexpression (p<0.05 or p<0.01). To further explore the underling mechanism that allows Sirt1 to affect BaF3 cells apoptosis, the mRNA level expression of p53 was also determined ( Figure 3B ). The expression of p53 was significantly downregulated by Sirt1 overexpression (p<0.05). These results suggested that Sirt1 could contribute to pro-inflammatory cytokine production, and the expression of p53 might be involved in the suppressive effects of Sirt1 on BaF3 cells apoptosis.
NF-kB pathway was involved in the effects of Sirt1 on NaF3 cells
Next, we determined the protein expression changes of p/t-IkBa, p/t-p65, and Bcl-3 in transfected cells to ask whether the NF-kB pathway was involved in the effects of Sirt1 on BaF3 cells. Results in Figure 4A and 4B show that IkBa and p65 were significantly activated and phosphorylated by Sirt1 overexpression (p<0.01 or p<0.001). Meanwhile, the protein expression of Bcl-3 was significantly upregulated by Sirt1 overexpression (p<0.05). Thus, we inferred that the NF-kB pathway might be involved in the effects of Sirt1 on NaF3 cells.
Discussion
SLE is an autoimmune disease which is characterized by B lymphocyte hyperactivity, and B lymphocytes play a crucial role in the pathogenesis of SLE [1, 13] . In the present study, mouse B lymphocyte BaF3 was transfected with Sirt1 vector or shRNA against Sirt1 to investigate the potential role of Sirt1 in SLE. We found that Sirt1 overexpression significantly promoted cell viability while suppressing apoptosis. In addition, in Sirt1 overexpressed cells, the expression levels of three pro-inflammatory cytokines, i.e., IL-1, IL-6 and TNF-a, were significantly upregulated. However, the expression level of apoptosis-related factor p53 was significantly downregulated. Further, IkBa and p65 were significantly activated and phosphorylated by Sirt1 overexpression, and the protein expression of Bcl-3 was significantly upregulated.
Currently, Sirt1 has been identified as a vital regulator in cell proliferation and apoptosis [19] . Sirt1 could promote cell proliferation in myoblast cells [20] , apical papilla and periodontal ligament stem cells [21] , and human epithelial cancer cells [22] . In addition, Sirt1 could protect cells from p53-mediated apoptosis. Zhang et al. found that knockdown of Sirt1 expression resulted in leukemia cells apoptosis induction [23] . Zheng et al. revealed that Sirt1 protected human lens epithelial cells against oxidative stress by inhibiting p53-dependent apoptosis [24] . Consistent with these previous studies, our study revealed that Sirt1 promoted cell proliferation and suppressed apoptosis in BaF3 cells.
Pro-inflammatory cytokines, such as TNF-a, IL-1, and IL-6, play pivotal roles in inflammation and the maturation of B cells, and have been proven to be closely related to the pathophysiology of SLE [25, 26] . IL-6 is produced by TNF-a and supposedly upregulates the number of inflammatory cells [27] . In the current study, these three cytokines were all upregulated by Sirt1 overexpression in BaF3 cells, suggesting that Sirt1 expression might contribute to pro-inflammatory cytokine production. Similarly, Niederer et al. observed high expression of Sirt1 directly upregulated the expressions of IL-6, IL-8, and TNF-a in rheumatoid arthritis synovial fibroblasts [28] .
NF-kB is a family of five transcription factors: p50, p52, p65 (RelA), c-Rel, and RelB [29] . Activation and regulation of the NF-kB pathway are tightly controlled by its natural biological inhibitor IkB [30] . IkBa and Bcl-3 are two family members of IkB family proteins; activation and phosphorylation of these two factors, as well as phosphorylation of p65, are implicated in the activation of NF-kB [31] . It is well known that the NF-kB pathway is primarily involved in mounting effective inflammatory responses [32] . NF-kB regulates a number of cytokines, such as TNF-a, IL-1, and IL6, and also contributes to tumorpromoting inflammation [33] . A recent study found that Bcl-3 could interact with p50, and identified Bcl-3 was an effective anti-inflammatory peptide [34] . This pathway also contributes to the modulation of cell proliferation and apoptosis [30, 35] . An in vivo study found that p65 could stimulate ovine fetal pulmonary vascular smooth muscle cell proliferation [36] . Moreover, p65 has been implicated in apoptosis of embryonic liver cells and chicken bone marrow cells [37] .
In the current study, IkBa and p65 were remarkably phosphorylated, and the protein expression of Bcl-3 was upregulated by Sirt1 overexpression, implying that the NF-kB pathway was involved in the effects of Sirt1 on BaF3 cells. Actually, Sirt1 is widely investigated as a suppressor of NF-kB-dependent transcription through the deacetylation of the p65 subunits [38, 39] . Schug et al. found Sirt1 could increase the expression of pro-inflammatory cytokines via inhibiting the NF-kB pathway [39] . Busch et al. found that Sirt1 inhibition stimulated phosphorylation of IkB-a and p65, and correlated with upregulation of NF-kB-regulated gene products involved in cell proliferation, inflammation, and apoptosis [40] . However, this study provided the first insight into the effects of Sirt1 on BaF3 cells proliferation, apoptosis, and inflammatory response via modulating the NF-kB pathway. 1481
